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ackground & Aims: Colonoscopic polypectomy is con-
idered effective for preventing colorectal cancer (CRC),
ut the incidence of cancer in patients under colono-
copic surveillance has rarely been investigated. We
etermined the incidence of CRC in patients under
olonoscopic surveillance and examined the circum-
tances and risk factors for CRC and adenoma with
igh-grade dysplasia. Methods: Patients were drawn
rom 3 adenoma chemoprevention trials. All underwent
aseline colonoscopy with removal of at least one ade-
oma and were deemed free of remaining lesions. We
dentified patients subsequently diagnosed with invasive
ancer or adenoma with high-grade dysplasia. The tim-
ng, location, and outcome of all cases of cancer and
igh-grade dysplasia identified are described and risks
ssociated with their development explored. Results:
RC was diagnosed in 19 of the 2915 patients over a
ean follow-up of 3.7 years (incidence, 1.74 cancers/
000 person-years). The cancers were located in all
egions of the colon; 10 were at or proximal to the
epatic flexure. Although most of the cancers (84%)
ere of early stage, 2 participants died of CRC. Seven
atients were diagnosed with adenoma with high-grade
ysplasia during follow-up. Older patients and those with
history of more adenomas were at higher risk of being
iagnosed with invasive cancer or adenoma with high-
rade dysplasia. Conclusions: CRC is diagnosed in a
linically important proportion of patients following com-lete colonoscopy and polypectomy. More precise and
epresentative estimates of CRC incidence and death
mong patients undergoing surveillance examinations
re needed.
ndoscopic removal of adenomas is associated with a
significant reduction in the risk of colorectal can-
er,1–3 although the size of the benefit is not clear.4,5
ccurate data regarding the magnitude of the risk re-
uction are important so that the medical community
an determine the best approach to colorectal cancer
creening6–8 and so that patients can decide whether to
ndergo screening. Large case-control studies1,2 indicate
hat sigmoidoscopy or colonoscopy results in about a
0% reduction in the incidence of colorectal cancer in
he examined portions of the bowel. The investigators of
he National Polyp Study (NPS) estimated a larger re-
uction in risk (up to 90%) based on an analysis3 of
atients randomized to 2 different schedules of periodic
urveillance colonoscopy. However, both the NPS anal-
Abbreviations used in this paper: CI, confidence interval; NPS, Na-
ional Polyp Study; SEER, Surveillance, Epidemiology, and End Results.

































































































July 2005 CRC IN PATIENTS UNDER CLOSE COLONOSCOPIC SURVEILLANCE 35sis and the case-control studies entailed a number of
ethodological assumptions that could not be validated
irectly. The NPS investigators used external controls to
ssess efficacy of polypectomy. In the case-control studies
f sigmoidoscopy, there remains the possibility that dif-
erences between populations that choose to undergo
creening and those who do not might account for some
f the risk reduction seen. Therefore, estimates of efficacy
erived from these studies are uncertain.4,5
To describe the risk of colorectal cancer occurring in
he course of colonoscopic surveillance, we determined
he frequency of invasive cancer and adenomas with
igh-grade dysplasia among patients followed up in 3
andomized trials of colorectal adenoma chemopreven-
ion.
Materials and Methods
We have previously reported the essential features of
he design and principal findings of the 3 multicenter ran-
omized trials that form the basis for the current analyses.9–11
nstitutional review board approval to perform the trials and
ollect the information that is reported herein was obtained
rom all participating centers in each study. Briefly, patients
ualified for study by having at least one histologically docu-
ented large bowel adenoma of any size removed shortly
efore study entry. Within 3 months of study enrollment, each
ad undergone a complete (ie, to the cecum) colonoscopic
clearing” examination, with the attending endoscopist attest-
ng that the entire colorectal mucosa was adequately visualized
nd that no known colorectal polyps remained after the pro-
edure. Patients were excluded if they had familial polyposis,
nvasive colorectal cancer, malabsorption syndromes, or condi-
ions that might be worsened by the study agents.
We obtained information from participants at enrollment
egarding their history of adenomas, lifestyle habits, and fam-
ly history (first-degree family members) of colorectal polyps
nd cancer. Follow-up colonoscopies for patients in the first 2
rials were scheduled about 1 and 4 years after the clearing
xamination. Patients enrolled in the third trial were sched-
led for surveillance colonoscopy about 3 years after the clear-
ng examination. In each of the studies, the location and size of
ll polyps removed from the bowel were noted, and tissue
pecimens were sent for central histopathology review.
The same study pathologist (D.C.S.) reviewed all follow-up
issue specimens for the 3 trials to determine whether or not
eoplasia was present and, if so, whether there was invasive
ancer or high-grade dysplasia (formerly referred to as carci-
oma in situ). Based on these determinations, we identified all
atients diagnosed with either cancer or high-grade dysplasia
nd obtained supportive documentation (eg, procedure notes,
perative reports) from their medical records. A single inves-
igator reviewed all relevant clinical information to confirm
he diagnosis and to record the treatment of the cancer and the
utcome. For invasive cancers, tumor size and nodal status here abstracted from the local pathology report and stage was
etermined according to the criteria of the American Joint
ommittee on Cancer.12
To determine incidence rates, we computed person-years at
isk (ie, time under active surveillance) for each patient based
n the interval between the date of the “clearing” colonoscopy
nd the earliest of the following end points: termination of the
reatment phase of the study, death, loss to follow-up, or the
ccurrence of high-grade dysplasia or cancer. The crude inci-
ence rate of invasive cancer was computed as the observed
umber of cancers divided by the total person-years of surveil-
ance. To estimate confidence limits for the incidence rates, we
ssumed the numerator of the rate to be a Poisson variable and
alculated confidence intervals (CIs) by the exact method.13
ates were compared using a conditional test based on the
xact binomial distribution.14 We calculated a standardized
ncidence ratio to compare the cancer incidence rates in our
tudy population with those obtained from the population
overed by the Surveillance, Epidemiology, and End Results
SEER) program (1984–2000), with standardization for sex,
ge (5-year age groups), race (white, black), and year of study
annual). For subjects who were at risk in 2001 or later, SEER
ata were not available so rates from 2000 were used. Wil-
oxon rank sum test for continuous variables and Fisher exact
est for categorical variables were used to assess the character-
stics of patients that were associated with the subsequent
ccurrence of cancer and high-grade dysplasia.
Results
A total of 2915 patients were randomized in the
trials. The characteristics of the participants differed
nly moderately among studies, and overall 71% were
en, 85% were white, and the average age was 59.7
ears (Table 1). Colonoscopic follow-up was essentially
omplete; 97% (n  2836) of subjects had at least one
xamination after the qualifying colonoscopy, and in
1% (n  2664) follow-up ended with a year-3 (third
rial) or year-4 colonoscopy (trials 1 and 2) as per pro-
ocol. Most of the 79 subjects who did not complete the
nticipated colonoscopic follow-up had died from causes
ther than colorectal cancer (n  40) or had severe illness
n  10) precluding follow-up endoscopy. The mean
ollow-up time after qualifying colonoscopy was 3.7
ears, during which 26 patients (0.9%) were found to
ave either an invasive cancer (19) or adenoma with
igh-grade dysplasia (7).
Of the 19 cases of cancer, 4 were found because of
atient symptoms and 15 during a surveillance colonos-
opy. One patient had a colorectal cancer detected be-
ause he requested a colonoscopy after being diagnosed
ith prostate cancer (Table 2). The cancers were located
n all regions of the colon; 10 were at or proximal to the
































































36 ROBERTSON ET AL GASTROENTEROLOGY Vol. 129, No. 1ad been removed from the same segment of colon at the
ime of the most recent prior colonoscopy. Eleven pa-
ients had stage I cancers, 5 stage II, and 3 stage III, 2 of
hom subsequently have died of colorectal cancer.
The overall incidence of colorectal cancer among all
atients was 1.74 (95% CI, 1.05–2.72) per 1000 person-
ears of follow-up. The rate of cancer development was
igher in men than in women (2.19 vs 0.64 per 1000
erson-years), but this difference did not reach statistical
ignificance (P  .08). The subgroup of 2154 patients
ithout a history of adenoma before the qualifying ex-
mination had an incidence rate of 1.35 (95% CI, 0.68–
.42) per 1000 person-years of follow-up. The incidence
f colorectal cancer was higher (2.88 [95% CI, 1.24–
.67) per 1000 person-years) in the 761 patients with a
rior history of adenoma before the qualifying examina-
ion, but this was not statistically different from that for
hose without a prior history (P  .11). Overall, the
ncidence of a cancer diagnosis was very similar to that
xpected from SEER data (standardized incidence ratio,
.98; 95% CI, 0.63–1.54).
We calculated separate colorectal cancer incidence
ates for the first year of follow-up and the subsequent 3
ears of follow-up among the 1794 patients who had
een scheduled for 2 surveillance colonoscopies (ie, par-
icipants in the first 2 chemoprevention trials). The
ncidence was 3.79 (95% CI, 1.63–7.47) per 1000 per-
on-years for the first follow-up interval (clearing exam-
nation up to and including the year-1 examination) and
.96 (95% CI, 0.31–2.24) per 1000 person-years for the
econd interval (year-1 examination up to and including
he year-4 examination). The rates of cancer detection in
hese 2 follow-up periods were significantly different (P





Age, y (mean  SD) 61.2
Sex (% male)
Race (% nonwhite)
Subjects with at least one adenoma at qualifying
examination (%)
1
Subjects with at least one adenoma 1 cm at
qualifying examination (%)
Subjects with a history of adenoma before qualifying
examination (%)
ollow-up events
Mean follow-up, y (SE) 4.0
Subjects with at least one adenoma (%)
No. of subjects with adenoma with high-grade dysplasia
No. of subjects with invasive cancer.01). tSeven adenomas with high-grade dysplasia were found
n 7 study subjects (Table 3). All were identified during
surveillance colonoscopy, and 6 of the 7 were found at
he first scheduled colonoscopy (an interval of 12–18
onths after the clearing examination). Six of the ade-
omas were 1 cm in diameter, and the other was 0.7
m. Five of the lesions were judged to have tubulovillous
istology, and the other 2 were simple tubular adenomas.
hree of the lesions (all large and sessile) were surgically
esected to assure complete removal.
The 26 patients diagnosed with an advanced neoplasm
cancer or adenoma with high-grade dysplasia) were older
han those without such findings (mean age, 65.5 vs 59.6
ears; P  .001) and had a greater mean number of prior
ifetime adenomas (4.3 vs 2.5; P  .02). Patients who
ad a large (1.0 cm) adenoma at the time they qualified
or the trials seemed more likely to be diagnosed with an
dvanced neoplasm than were those who had smaller
denomas (1.24% vs 0.74%; P  .20), and men seemed
ore likely than women to have an advanced neoplasm
1.06% vs 0.5%; P  .08), although neither finding was
tatistically significant. Race, cigarette smoking history,
nd family history of colorectal cancer or adenoma were
ot related to risk of an advanced neoplasm (Table 4).
Discussion
In our trials, we followed up 2915 patients with
denomas using surveillance protocols that called for
omplete colonoscopic examination; 26 of these patients
ere diagnosed with invasive colorectal cancer or high-
rade dysplasia. Of the 19 cancers identified, 8 were

























































July 2005 CRC IN PATIENTS UNDER CLOSE COLONOSCOPIC SURVEILLANCE 37ere found during a surveillance examination and were
pparently asymptomatic. Older age and greater number
f lifetime adenomas were significantly associated with
iagnosis of advanced lesions.
The rate of cancer diagnosis that we observed (1.74
ancers/1000 person-years) is similar to that found in
everal other clinical trials that involved colonoscopic
ollow-up of patients with resected colorectal adenomas.
he Polyp Prevention Trial investigators found 13 can-
ers among 2079 patients followed up for a mean of 2.79
ears (2.2 cancers/1000 person-years).15 In the Wheat
ran Fiber Trial, 9 cancers developed among 1303 pa-




























57/M/W Patient request 26.0 1.5 cm/peduncula
































54 2  3 cm/sessile/
, male; W, white; H, Hispanic; NA, Native American; F, female; B, b
Exact size not mentioned in endoscopy report.
Died of colorectal cancer.ients with a median follow-up of 35 months (2.4 can- 1ers/1000 person-years).16 The Funen Adenoma Fol-
ow-up Study investigators examined cancer incidence in
randomized study of surveillance intervals among 1056
atients; 10 cancers developed during 4540 person-years
f follow up (2.2 cancers/1000 person-years).17 The ef-
ects of calcium and aspirin on reducing polyp recurrence
n 2 of our 3 studies may partly explain why we found a
lightly lower incidence rate of cancer in our population
han that reported from other prevention studies in
hich the interventions were not effective.
In contrast, the cancer incidence rate in our population
as higher than that reported from the NPS (0.6 cancers/









T1 N0/stage I 1 (0.9 cm) No
igmoid T1 N1/stage III 3 (1.0 cm) 1.0 cm pedunculated




3 (1.0 cm) No
ding T1 N0/stage I 2 (2.5 cm) 2.5 cm pedunculated
a T3 N0/stage II 3 (1.2 cm) 1.0 cm sessile
colon T1 N0/stage I 4 (2.5 cm) No
ecum T3 N0/stage II 1 (0.3 cm) No
n
T3 N0/stage II 1 (0.4 cm) No
moid T2 N1/stage III 1 (1.2 cm) 1.2 cm pedunculated
colon T2 N0/stage I 1 (0.7 cm) No
ing T1 N0/stage I 1 (0.2 cm) 0.2 cm sessile
T1 N0/stage I 1 (2.0 cm) No
T3 N0/stage IIb None No
T2 N0/stage I None No
T1 N0/stage I 5 (0.5 cm) 0.4 cm sessile
ing T3 N2/stage
IIIb
3 (0.3 cm) No
T2 N0/stage I None No



























































38 ROBERTSON ET AL GASTROENTEROLOGY Vol. 129, No. 1igher rate. First, the NPS only enrolled subjects after
rst presentation with adenoma and therefore focused on
lower-risk group. Cancer incidence was higher for our
ubjects with a history of adenomas; however, even when
e considered only subjects presenting with a first ade-
oma, our cancer incidence rate remained more than
wice that in the NPS. A second explanation as to why
e observed a higher rate of colorectal cancer diagnosis is
hat our study entailed more complete colonoscopic fol-
ow-up. Nearly all of our subjects had at least one
urveillance colonoscopy performed during follow-up,
nd we defined the denominator for our incidence esti-
able 3. Description of Patients Diagnosed With Adenomas W





71/M/W Surveillance 17.6 0.7 cm/pedunculated/s
66/M/W Surveillance 15.4 1.5 cm  2.5 cm/sessi
rectal
72/M/W Surveillance 12.0 1.2 cm/sessile/ascend
colon
69/F/B Surveillance 14.0 2.0 cm/pedunculated/
rectal
63/F/W Surveillance 13.0 3.0 cm/sessile/cecum
68/M/W Surveillance 11.8 1.5 cm/pedunculated/
ascending colon
66/M/W Surveillance 45.1 5.0 cm/sessile/transve
colon
, male; W, white; F, female; B, black.
able 4. Association of Baseline Characteristics With High-G
Baseline variable











amily history of cancer (%)
amily history of colorectal polyps (%)
ean no. of adenomas at qualifying examination (SD)
ean no. of prior lifetime adenomas (SD)
ne or more adenomas 1.0 cm at qualifying examinationn varies because of missing data for some items.ates based on the interval between the clearing exam-
nation and the date of the last colonoscopy for each
atient. Thus, our study protocol facilitated the detec-
ion of small asymptomatic cancers. By contrast, the NPS
ates were based on the entire period of follow-up contact
or each patient, and much of this time occurred after the
ast colonoscopy. For example, in the NPS, 20% of
atients received no scheduled follow-up colonoscopy,
lthough they remained under study and had their fol-
ow-up time included in the estimates of incidence rate.
similar phenomenon may account for the low cancer
ncidence reported from an Italian study18 in which 6
High-Grade Dysplasia During the Follow-up Period
lasia
Colonoscopy immediately before








id Endoscopic removal 3 (0.6 cm) 0.6 cm, 0.5 cm, and
0.3 cm, all sessile
Transanal resection 3 (1.2 cm) 1.2 cm sessile
Endoscopic removal 2 (0.6 cm) No
Endoscopic removal 4 (0.3 cm) No
Cecal resection 1 (1.0 cm) 1 cm sessile
Endoscopic removal 2 (0.5 cm) No
Hemicolectomy 2 (0.5 cm) No
Dysplasia and Cancer
*
Invasive cancer or high-grade
dysplasia
PNo Yes (n  26)
15 59.6 (9.3) 65.5 (7.0) .001
15 .08
2046 (70.8) 22 (84.6)
843 (29.2) 4 (15.4)
12 .57
2461 (85.3) 21 (80.8)
425 (14.7) 5 (19.2)
91 .31
1048 (36.6) 7 (28.0)
1287 (44.9) 15 (60.0)
531 (18.5) 3 (12.0)
71 695 (27.2) 5 (25.0) 1.00
71 530 (20.8) 5 (25.0) 1.00
89 1.8 (1.3) 2.0 (1.1) .33
71 2.5 (2.6) 4.3 (3.9) .02















































































































July 2005 CRC IN PATIENTS UNDER CLOSE COLONOSCOPIC SURVEILLANCE 39ancers were found during a reported 14,211 person-
ears of follow-up (0.4 cancers/1000 person-years), a rate
omparable to that reported from the NPS. However,
nly 74% of patients in the Italian study had total
olonic evaluation in the first follow-up period and only
4% of subjects ended follow-up with a complete
olonoscopy.
A diagnosis of cancer soon after complete colonoscopy
hows that the procedure is not 100% sensitive in iden-
ifying prevalent neoplasia. The high rate of cancer de-
ection between the baseline examination and the year-1
olonoscopy (3.79 cancers/1000 person-years) as com-
ared with the rate of cancer detection after the year-1
olonoscopy (0.96 cancers/1000 person-years) strongly
uggests that prevalent neoplasia were missed at baseline.
study of back-to-back tandem colonoscopy reported a
iss rate for adenomas 1 cm of 6%.19 Similarly, in a
ecent study of virtual colonoscopy, conventional
olonoscopy failed to detect 12% of lesions 1 cm, one
f which was a cancer.20
It is also possible that some of the adenomas found
efore study enrollment were incompletely excised. This
xplanation seems plausible for the 5 invasive cancers
iagnosed in a colonic segment where a large adenoma
ad been removed on the prior colonoscopy. Notably,
90 subjects had at least one baseline adenoma removed
hat was 1 cm. Therefore, while a few cancers may have
ccurred after incomplete polypectomy, the vast majority
f large adenomas were effectively removed.
A third possibility is that some patients experienced a
apid transition from a small adenoma to a carcinoma or
hat there was de novo cancer formation. The adenoma/
arcinoma sequence varies for a given adenoma, and
mall flat cancers of the colon have been found.21,22 In
ne study using dye-assisted colonoscopy, 23% of 211
merican patients were found to have flat and depressed
esions of the colon. These lesions were more likely to be
denomatous and contain invasive cancer than their com-
only recognized polypoid counterparts.23
Our finding that increasing number of lifetime ade-
omas is associated with subsequent development of
dvanced neoplasms is consistent with prior studies
howing that adenoma multiplicity is a risk factor for
ubsequent recurrence of adenomas24–27 and cancer.28,29
hese results support current guidelines that recommend
arlier surveillance colonoscopy for patients found to
ave multiple adenomas at endoscopy.30,31 Other inves-
igators28,29 have reported that large adenomas are a risk
actor for subsequent development of cancer and our data
re consistent with this association, although the result
as not statistically significant. vPerhaps the most intriguing implication of our find-
ngs relates to the true effectiveness of colonoscopy in
revention of colorectal cancer. A report from the NPS,
ased on follow-up of 1418 patients randomly assigned
o 2 different schedules of surveillance colonoscopy, has
ften been taken to be the benchmark in this regard and
as served as an important source of efficacy estimates for
everal cost-effectiveness analyses.7,32 The 76% reduction
n cancer incidence that is widely cited as representing
he effectiveness of colonoscopy derives from a compari-
on of cancer incidence among NPS participants with
EER incidence data (standardized incidence ratio, 0.24).
o provide a context for our findings, we also report a
tandardized incidence ratio for our population compared
ith SEER (standardized incidence ratio, 0.98) but
ound the incidence in our population to be similar to
xpectation.
It is important to note that the comparison between a
opulation under adenoma surveillance and the general
opulation represented by SEER is problematic for a
umber of reasons. On the one hand, one might expect
ur observed rates to be higher than population rates. All
f our patients had at least one previous adenoma and
herefore are at higher risk for high-grade dysplasia and
ancer than the general population, and some subjects
ad many previous adenomas. Moreover, unlike the gen-
ral population, virtually all of our subjects had complete
ndoscopic follow-up, leading to detection of asympto-
atic lesions. However, other factors would lead one to
xpect a much lower incidence of cancer in our studies
han in SEER. Most importantly, all of our patients had
ndergone a recent complete colonoscopy and were
eemed free of cancer (and adenoma) at the start of
ollow-up. Their subsequent cancer risk, therefore, can-
ot be readily compared with that of a general popula-
ion group, in which most new cancer diagnoses pertain
o tumors that have been present but unrecognized for
ears.
Considerations such as these make any comparison
ith SEER problematic for a quantitative estimate of the
ffectiveness of colonoscopic surveillance. A valid esti-
ate of the efficacy of colonoscopy would require a
andomized trial with controls who are either unscreened
r receive an alternative, well-characterized screening
rocedure. Practical and ethical concerns probably pre-
lude conducting such a study, so estimates of efficacy
sing data such as ours are likely to be based on sub-
tantial modeling assumptions that are not readily veri-
able, such as the duration of the low risk conferred by
eing cancer-free at baseline.




























































40 ROBERTSON ET AL GASTROENTEROLOGY Vol. 129, No. 1ates, also lead us to expect earlier-stage colorectal cancer
han in the general population. Indeed, 16 of our 19
ancers (84%) were confined to the bowel with no evi-
ence of local node involvement, and none of our cancer
ases had evidence of distant metastases. By comparison,
n SEER registry data from 1992 to 1997, only 37% of
olorectal cancer cases were localized and 20% were
etastatic at the time of diagnosis.33 Thus, our data are
onsistent with a benefit of colonoscopic surveillance
ith regard to the occurrence of advanced cancers, al-
hough the magnitude of this benefit is not clear.
The strengths of our study are its size and breadth.
ecruitment for the trials used a large number of endos-
opists, both university and private practice, from across
orth America. Presumably, our experience is general-
zable to the broad spectrum of clinical practice. Histo-
ogic assessment of outcome was uniform, with utiliza-
ion of a single study pathologist to confirm all adenomas
nd cancers. Follow-up of the subjects enrolled in the
rials both clinically and endoscopically was essentially
omplete, limiting the potential for missing any impor-
ant outcomes.
While the size of the study was large, the number of
ancers and adenomas with high-grade dysplasia in-
luded in our analyses is relatively small, thus limiting
ur ability to identify risk factors for cancer and/or
igh-grade dysplasia. Because of the small number of
hese outcomes, statistical testing of risk factors was
imited to simple comparisons of means or proportions
ith no regression or other modeling done. A second
imitation of our study pertains to the completeness of
ur baseline examinations. For study enrollment, we
elied on the endoscopist to indicate that the colonoscopy
as adequate to completely visualize the colorectal mu-
osa and that the large bowel was free of lesions after the
rocedure. The study protocol did not require pho-
odocumentation of cecal landmarks, and so it remains
ossible that some baseline examinations were incom-
lete.
Colorectal cancer occurs more frequently after com-
lete colonoscopy than may be generally appreciated.
lthough these tend to be early lesions, informed con-
ent for this procedure should probably mention this
isk, as recently recommended by a multidisciplinary
ask force.34 Patients with a history of adenoma are a
igh-risk population for the development of colorectal
ancer; although clinical trials27 have addressed some key
ssues regarding the appropriate schedule of colonoscopic
urveillance in these patients, much important work
emains. For example, a better understanding of the
actors that determine risk for subsequent cancer devel-
pment will be important for tailoring surveillance rec-mmendations to individual patients following adenoma
emoval. Future studies, either pooling data from large
ohorts or perhaps a trial, are essential.
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